Background: Carotid revascularization is frequently complicated by hemodynamic depression (HD), which can increase the risk of stroke or vascular death. However, no studies yet exist describing the correlation between the timing of carotid revascularization and HD. The present study investigated whether carotid revascularization in the early phase of a stroke had an impact on the incidence of HD.
INTRODUCTION
Carotid revascularization is commonly performed in stroke patients with carotid artery stenosis in order to prevent the recurrence of ischemic stroke.
1,2 Hemodynamic depression (HD) is a common complication that follows carotid revascularization. Although a meta-analysis demonstrated that the incidence of clinical events was not associated with HD, 3 HD has caused clinical events, such as stroke, myocardial infarction, and mortality. 4, 5 Moreover, HD is a generally challenging event for clinicians to prevent brain as well as systemic hypoperfusion.
According to the treatment guidelines for carotid stenosis, an early carotid endarterectomy (CEA) is recommended within two weeks of stroke onset for patients who experienced a stable stroke in order to prevent early stroke recurrence. 6 On the other hand, it is known that the early phase of strokes is hemodynamically unstable. This lack of stability leads to the speculation that patients undergoing early carotid revascularization are vulnerable to HD.
However, there is no available data on the incidence of HD in accordance with the timing of carotid revascularization.
The present study aimed to investigate the incidence of HD between early and late carotid revascularization in patients with symptomatic carotid stenosis.
METHODS

Study design and patients
In the current single-center, retrospective study, we evaluated the medical records of consecutive patients who underwent carotid revascularization between January 2011 and December 2014. The inclusion criteria were as follows: (1) 
Clinical and imaging evaluations
We evaluated the baseline characteristics of all patients, 
Hemodynamic depression
HD was defined as a systolic blood pressure of less than 90 mmHg or pulse rate of less than 50 times/minute that occurred at least once within the five days during and following carotid revascularization. HD was classified as either intra-procedural, post-procedural, or HD requiring treatment. HD requiring treatment was defined as a HD required for administration of an intravenous medication to normalize blood pressure or pulse rate. Blood pressure and pulse rate were evaluated in the operating, recovery, and procedure rooms, as well as in the ward. 
Statistical analysis
The baseline clinical and imaging characteristics of patients and incidence of HD were compared between the early and late carotid revascularization groups. Chi-square tests and Fisher's exact tests were used to compare all categorical variables between the two groups. In addition, t-tests were used to compare the age and mean time from stroke onset to carotid revascularization between the groups. Risk factor candidates for HD, including early carotid revascularization, were analyzed according to the presence of HD. Moreover, the incidence of HD, intraprocedural HD, post-procedural HD, and HD requiring treatment after early carotid revascularization, CEA, and CAS were compared between the early and late procedure groups. Statistical analyses were performed using SPSS for Windows version 18.0 (SPSS Inc., Chicago, IL, USA). A P of less than 0.05 was considered statistically significant. [15] [16] [17] [18] [19] In the current study, the following did not affect HD: old age, a past history of heart failure, coronary artery disease, severe stenosis of the carotid artery, high level carotid stenosis, and opposite carotid occlusion. To date, risk factors of HD include old age, heart failure, previous myocardial infarction, absence of chronic obstructive pulmonary dis- Several limitations of this study should be noted. First, the present study occurred in only one center and was retrospective in nature. Second, a small number of patients were enrolled. Third, we failed to evaluate the site and length of the stenosis, the presence of calcification, the morphology of the plaque, the presence of stenosis on the contralateral side, and the ballooning pressure on the CAS.
RESULTS
Ninety
Fourth, we had no access to data regarding preoperative cardiology evaluation, 33 HD duration, and clinical events.
Fifth, intravenous medication for HD requiring treatment was not administered using identical criteria. Lastly, although guidelines recommend early carotid revascularization, late carotid revascularization was more common in this study. The reason may be due to delayed referral from the primary care physician or early neurological deterioration in the acute stroke phase.
CONCLUSION
HD can be a challenging event for clinicians to prevent brain hypoperfusion. The present study suggests that early carotid revascularization is as safe as late carotid revascularization with regard to HD. Further large-scale, prospective studies are therefore warranted to determine the correlation between the timing of carotid revascularization and the incidence of HD and clinical events, which is essential for improving CEA and CAS protocols and outcomes.
